The polycrystals of 2,4 diaminotoluene were produced by slow evaporation of solvent. The polycrystalline samples were exposed to 60 Co gamma rays with dose rate of 0.950 kGy/h, at room temperature, for 12, 24, 48, and 72 hours. The electron paramagnetic resonance measurements were carried out on these samples in the temperature range between 298 K and 400 K. No electron paramagnetic resonance signal was observed in the samples irradiated for 12, 24, 48 hours. Two types of radicals were detected using ESR spectrometer in the sample irradiated for 72 h. These radiation damage centers were called RI and RII. The average values of g and the hyperfine coupling constant were calculated. This study also investigates the potential usage of machine learning methods and aims to test the success of these methods and to select the best method.
Introduction
Aromatic amine groups are used as industrial chemicals and they are environmental pollutants. 2,4 diaminotoluene appertain to amine group. This chemical material is a synthetic intermediate [1] and it is used in the plastics industries and in the production of dyes nowadays [2] . 2,4-diaminotoluene has exhibited toxic properties in liver tissues [3] . Due to toxic properties of the aromatic amine groups, investigations of biological activities of the amine groups have been extensive. International Agency of Research on Cancer (IARC) has concluded that this compound is likely to be a human carcinogen. However, no information about the mechanism underlying the toxicity of amine groups is available.
In our study, we have focused on the fact that irradiation has a significant impact on the materials [4] . Ionizing radiation is able to kill the pathogens in contaminated foods. However, irradiation can results in breaking of bonds and changing of structural properties of the samples [5] [6] [7] . We have used electron paramagnetic resonance (EPR) method to study the radical formation mechanisms in 2,4 diaminotoluene exposed to radiation. The EPR technique has been frequently used for identification of radiation damage centers in organic and inorganic substances [8] [9] [10] . In this study we also present the comparison of different machine learning methods to test the performance and to select the best method, which could be implemented theoretically. In our previous paper [11] we used a large data set. In the present case * corresponding author; e-mail: yceylan@selcuk.edu.tr the number of data was limited to three data sets and we wanted to test the performance of machine learning methods in this case. Unlike in our previous work, the results of training and tests were compared separately for two data sets and in this way the best method has been selected.
Material and methods

Experimental
2,4 diaminotoluene was purchased from Sigma-Aldrich. Polycrystal formulations for each test chemical were produced in laboratory. The samples were irradiated for 12, 24, 48 and 72 h using 60 Co γ-ray source with dose rate of 0.950 kGy/h. The measurements of EPR were made using Bruker EMX 081 EPR spectrometer. The temperature measurements were carried out between 298 K and 400 K using a Bruker temperature control unit. During EPR measurements the modulation frequency was 100 kHz and the modulation amplitude was 2 G.
Theoretical
Machine learning method
Machine learning is the common name of the computer algorithms that model a given problem according to the data from the environment of the problem. Machine learning is a method of data analysis which includes automatic computing procedures based on logical or binary operations [12] . Artificial neural networks, decision trees, bayesian networks, support vector machines are examples of machine learning methods. In the application of machine learning methods, available data are divided into two sets. The first set of data is used for the "training" (learning) phase, and then the success of the learning is "tested" using second data set.
Results and discussion
EPR signals were measured on the sample irradiated for 72 hours. Following the irradiation of 2,4 diaminotoluene, the EPR measurements were performed between 298 K and 400 K. It was observed that the spectra depend slightly on the temperature. As the signal observed at 298 K consisted of four lines, the signal observed at 340 K consisted of six lines. Temperature affects localized or unlocalized state of an unpaired electron. Once the general condition of the spectrum was observed, it was seen that there was no essential change in the spectrum.
The temperature dependence of the EPR lines is shown in Fig. 1 . When the recorded spectra were analysed, it was found that EPR lines belong to two radicals. According to the molecular structure of the sample and the recorded spectra, for the first radical, the contributions to the spectra came from H a and H b protons, magnetically equivalent; and then from the N c proton. Similarly, for the second radical, contributions to the spectra came from H x atom and from N y proton (Fig. 2) . These results were verified by computer simulation results shown in Fig. 3 . The principle values and the g-tensors are given in Table I . At this theoretical implementation phase, in total three data sets were used in this study and two of them (320 K and 400 K) were chosen to determine the methods. In the application of machine learning methods, firstly two data sets, not including their values, were used for training for ten-fold cross validation in the Weka Explorer, to determine the methods having the smallest error values. Seven methods having error rate less than 30% were listed and statistical results are shown for each training set in Table II .
Success of the top five (error rate less than 15%) learning methods was tested separately for 320 K and 400 K. Statistical values of the test phase are listed in Table III for each test set. 
Conclusions
We have investigated the EPR spectral parameters of irradiated 2,4 diaminotoluene. This investigation has pointed out that the unirradiated substance and substance irradiated for 12, 24 and 48 hours do not give any EPR signal, however two types of radicals were produced in the sample irradiated for 72 h. It was observed that the spectra depend slightly on temperature. Theoretical results obtained using machine learning methods have shown that the machine learning methods can be used successfully for subsequent studies with large and small data sets. While Lazy IBK method was having the best results in training phase, Bagging REPTree method had better results than Lazy IBK in the test phase. The difference between the results obtained in the test phase of Lazy IBK and Bagging RepTree are very low, so we can state that both of them can be used successfully. 
